INTRODUCTION
A method of grading complexity in restorative dentistry has been described in the Index of Restorative Dental Treatment Need or RIOTN. 1 The RIOTN complexity index for root canal treatment in permanent teeth is outlined below with radiographs of selected cases as examples:
Complexity grade 1 -low (Fig. 1 -mandibular right central incisor)
• Single/multiple root canals with curvature <15° to the root axis that are considered negotiable from radiographic or clinical evidence through their entire length. No root canal obstruction or damaged access
• Incision and drainage.
Complexity grade 2 -moderate (Fig. 1 -mandibular left central incisor)
• Single/multiple root canals with curvature >15° but <40° to the root axis that are considered negotiable from radiographic or clinical evidence through their entire length
• Teeth with incomplete root development.
Complexity grade 3 -high (Fig. 2)
• Single/multiple root canals with curvature >40°• Single/multiple root canals that are NOT considered negotiable from radiographic or clinical evidence through their entire length
• A complexity index for root canal treatment is described.
• It was easy to use but incomplete.
• It could be used as a valuable tool in risk management or to select suitable cases of root canal treatment for undergraduates.
• It could also be used to identify the most appropriate setting in which a patient should receive treatment and to allow correlation with treatment outcomes. A variety of modifying factors are included that have an impact on the complexity grade. The factors are outlined in Table 1 .
Despite the fact that the index for grading complexity has been available for some time, it has not been fi eld tested nor any data published on examiner variability when used by different clinicians.
The American Association of Endodontists (AAE) has published a complexity index 2 based broadly on patient, diagnostic and treatment considerations. Risk is related on a numeric scale to the degree of complexity as average, high or extreme risk. Though this system is widely advocated and forms part of the guidelines issued by the AAE, no reports on its use have been published.
The Canadian Academy of Endodontics (CAE) has also produced a complexity index 3 which provides a numerical value to quantify complexity based on the level of risk assigned. The index is based on patient, tooth and 'additional' considerations. An attempt was made to test its validity but the statistical methods used covered too many variables and the results were not conclusive. 4 The Dutch Endodontic Treatment Index (DETI) 5 was devised as a short screening list to assess the risks and diffi culty of root canal treatment. If this assessment suggested diffi culty, then the Endodontic Treatment Classifi cation (ETC) 5 could be applied and a numerical value assigned, depending on the level of risk. Both DETI and ETC were found to be useful to assess the diffi culty of an endodontic problem and to decide whether to treat or refer to a specialist.
There is a clear need for a practical and user-friendly system of grading complexity of root canal treatment within the UK. Presently, there is no system to guide dentists working in the primary care environment on the appropriateness of referrals for root canal treatment to specialists and consultants. Interestingly, root canal treatment accounted for approximately 18% of the total number of dento-legal claims in a fi ve-year sample of completed cases between 1996 and 2001. 6 Thus, there are substantial medico-legal implications for dentists undertaking complex treatment that is beyond their competence.
Root canal treatment is fundamentally about the control of root canal infection through the elimination of micro-organisms and the prevention of re-infection. Much research has focused on the infl uence of the quality of root canal fi lling on the outcome of treatment. It has been reported that only 10% of root fi llings undertaken in England and Wales were of a satisfactory technical quality. 7 A review of cases in Scotland revealed that 54% of root fi llings were not satisfactory. 8 It is likely that as the complexity of root canal treatment increases, the more diffi cult it is to achieve high technical standards. However, this issue has not been addressed by previous research.
The aim of this study was to test the reproducibility of the endodontic complexity component of the RIOTN index in terms of intra-observer and inter-observer agreement.
MATERIAL AND METHODS
The study was based in the Department of Restorative Dentistry, Morriston Hospital, Swansea. Morriston Hospital is a district general hospital in South West Wales, UK.
Data was collected prospectively over a period of one year from May 2001 to June 2002 on data collection forms by fi ve dentists who examined and treated all the patients during this period. A pilot study was conducted initially to validate the methods and refi ne the format of data collection.
The following details were recorded for each patient: 1. Demographic data, relevant medical history and date of fi rst visit 2. History of present complaint and examination of oral and dental tissues.
The following information was recorded regarding the tooth that was described in the referral:
Tooth number -this was recorded in the FDI format, ie 11, 21 etc. The following signs were noted:
• Tenderness to percussion • Presence of a sinus • Tooth mobility • Deepest pocket probing depth.
Each record was assigned a consecutive database number in order to maintain anonymity for the period of data entry and analysis.
Radiographic examination -Intra-oral periapical radiographs (IOPA) of each tooth were obtained and an OPT where required. IOPAs were obtained using a long cone paralleling technique with a beam aiming device and Rinn fi lm holders (Dentsply UK Limited, Weybridge, UK). A standard buccolingual projection was obtained in all cases and an additional parallax view obtained when further information was required. The X-ray machines used by the department of radiography were the same for all patients (Heliodent C®, 70 kV/60 kV, 7 mA, Siemens, Munich, Germany). Kodak Ektaspeed plus® E speed double fi lms (EastmanKodak, Rochester, NY, USA) were used and developed in an Table 1 Modifying factors in the assessment of complexity
Modifying factors that are relevant to root canal treatment
A modifying factor can only increase complexity by one increment. Multiple factors are not cumulative.
• Coordinated medical (eg renal; cardiac) and/or dental (eg oral surgery; orthodontic) multi-disciplinary care
• Medical history that signifi cantly affects clinical management (see below)
• Special needs for the acceptance or provision of dental treatment automated machine (IGP XR 24, Nova, Dürr® Dental, Beitigham, Germany). Radiographs were viewed in a standard manner using an illuminated viewing box at 3 x magnifi cation and all extraneous light excluded.
The duplicate radiographs obtained enabled the relevant copies to be stored separately from the hospital records. This eased the retrieval process and enabled the assessment of complexity to be made remote from the clinic at a later stage.
Award of complexity grade
The complexity of root canal treatment was graded by the chief investigator retrospectively on separate forms, based on clinical and radiographic fi ndings. The radiographs were viewed in a standard manner under even illumination with all extraneous light excluded. The reason for assigning a particular complexity grade was recorded and coded. This was undertaken outside clinical time before treatment was initiated and was not modifi ed following treatment. The root canal treatment section of the complexity component of the RIOTN 1 was used in the assessment of complexity as described.
The following factors were included in the assessment process:
• Radiographic evidence of negotiability of canal/s -this was determined by visually tracing the canal path/s
• Degree of curvature of canal/s -this was measured using a graticule (Peak scale lupe 7x, School of Dentistry, Cardiff University, UK) during the initial assessment by the chief investigator. The subsequent assessments of canal curvature by the chief investigator and those by the consultant and VT were estimations and were not measured using a graticule
• Presence of iatrogenic damage, pathological resorption or abnormal root morphology
• Presence of any modifying factors.
Intra-observer variation
A total of 60 random numbers were generated out of the total of 186 database numbers. The complexity of root canal treatment was graded again by the chief investigator on a 1-2-3 ordinal scale on separate forms one year after the initial scoring. The examiner was blinded to the complexity grades that had been awarded previously.
Inter-observer variation
A consultant in restorative dentistry and a vocational trainee who had been qualifi ed for six months undertook the complexity assessment exercise on the same set of 60 cases under similar conditions. Both the observers were trained in the use of the index at the start of the exercise using records and radiographs other than those randomly generated. They were blinded to each other's assessment and also to the original grading carried out by the chief examiner.
Statistical analysis SPSS (SPSS, Chicago, Illinois, USA) was used to derive simple frequency distributions and cross tabulations. Weighted kappa analyses were carried out to determine the degree of intraobserver and inter-observer agreement.
RESULTS
The sample consisted of 152 consecutive patients referred to the department between May 2001 and June 2002. This resulted in a sample of 186 teeth. In all, fi ve percent (10) of the total (186) were graded as complexity 1, 48% (89) of teeth were graded as complexity 2 and 47% (87) of teeth were graded as complexity 3 for root canal treatment in the initial grading by the principal investigator. Among teeth awarded complexity grade 2, 67 (75%) were included in this category as they were considered to require revision of previous root canal treatment. Other reasons included incomplete root development (4), canal curvature of 15-40° (2), and other modifying factors (16).
Among teeth awarded complexity grade 3, 35 (40%) had iatrogenic damage or pathological resorption. Other reasons included non-negotiable canal (18), diffi cult root morphology (10), peri-radicular surgery (16), canal curvature greater than 40° (2) and other modifying factors (6).
Intra-observer variation in the assessment of complexity
The initial and second readings of the principal investigator were cross-tabulated and are presented in Table 2 .
Inter-observer variation in the assessment of complexity
The initial scores of the principal investigator were cross tabulated against the scores of the consultant and vocational trainer and are presented in Tables 3 and 4 respectively. The kappa analysis of all the results is presented in Table 5 .
DISCUSSION
The aim of the study was to evaluate the reproducibility of the Restorative Index of Treatment Need (RIOTN) system for grading the complexity of root canal treatment. It was felt important to select clinicians with different levels of experience in order to test the index for inter-observer variation, since the perception of complexity may differ as a result of clinical knowledge. The data was derived from all endodontic referrals to a department of restorative dentistry in a district general hospital within a period of one year and thus was not biased in terms of any selection criteria.
The conditions for radiographic examination were standardised for the purpose of this study. However, it is well recognised that the radiographic interpretation of dental radiographs is subject to intra-observer and inter-observer variations.
5,9,10 For example, the mandibular left central incisor in Figure 1 has been graded as complexity 2 due to the modifying factor of retreatment. However, the radiographic interpretation of the negotiability of the apical third of the canal may vary. It is possible that the assessment of the angle of canal curvature could be incorrect, as they were estimations during the reassessment process and not accurate measurements. However, if such an index is to be used by a generalist to aid in the decision whether to treat or refer, then realistically, the angle would be estimated rather than accurately measured in general practice.
RESEARCH
The complexity indices in use by the AAE, CAE and the Dutch ETC all have one thing in common: the ability to assign a cumulative numerical value, which increases with the degree of complexity. However, the RIOTN lacks the ability to provide a cumulative score. For example, in Figure 2 , the maxillary lateral incisor appears to have an angle of canal curvature >40°. It also contains a post and has a modifying factor of retreatment. However, the RIOTN can only award it the maximum complexity of 3.
In general, the system of grading complexity used in this study was found to be rapid and easy to use. The draw-backs of this classifi cation system are summarised below:
• Assessment of canal negotiability is ambiguous and subjective. For example, one of the criteria for awarding a complexity grade 1 is as follows: 'Single/multiple root canals with curvature <15° to the root axis that are considered negotiable from radiographic or clinical evidence through their entire length. No root canal obstruction or damaged access.' This would appear to suggest radiographic assessment prior to treatment as well as clinical assessment during treatment; this implies the score could change. The CAE, ETC and AAE are less ambiguous in this regard. They base their assessment of the canal on radiographic visibility only
• There is potential for variable interpretation of 'diffi cult' root morphology. The AAE, CAE and ETC systems of grading complexity all defi ne various aspects of root morphology further and score them appropriately based on the risk assessment. For example, in the CAE system, the highest score of fi ve units is assigned to any of the following fi ndings: canal path into C or S form; canal curvature >30°; molar with four canals. It could be argued that the RIOTN system is too simplistic and is unable to take account of canal complexities, other than angle of curvature
• There is potential for variable estimation of the angle of canal curvature. The AAE, ETC and CAE use different categorisation with regards to canal curvature, ie <10°, 10°-30° or >30°. It is possible that these angles are easier to assess subjectively than 15° and 40°. However, this issue has not been addressed by previous research. In this study, only two out of 89 cases in complexity grade 2 and two out of 87 cases in complexity grade 3 were categorised as such due to their angle of curvature. Of course, this is only one aspect of canal anatomy that may infl uence treatment; others include the radius of curvature and the classifi cation of the canal system
• There can be variable interpretation of 'diffi cult access'.
In contrast, the ETC system assigns the highest complexity score of fi ve units when the mouth opening is less than 25 mm
• The RIOTN provides an unclear interpretation of 'co-ordinated medical history'. The AAE, CAE and ETC all use the ASA 11 (American Association of Anesthesiology) classifi cation which quantifi es the degree of risk with regards to the medical history • It is not quantifi able • It is confusing because it combines root canal treatment and surgical treatment
• It has not to date been tested and accepted by an international body of opinion. In conclusion, within the limitations of this study, the RIOTN system of grading the complexity of root canal treatment was found to be incomplete, with moderate to poor reproducibility. 
